ABSTRACT
T HROUGH THE VERMONT Oxford Network, a hospitalbased neonatal respiratory care committee joined with multiple other centers. A focus of this collaborative group was targeting O 2 saturation levels. Initially, the hospital-based committee developed a unit-based O 2 saturation protocol to avoid hyperoxia. 1 However, the focus on O 2 saturation targeting revealed difficulty in maintaining infants who were on nasal cannula (NC) within their goal saturation ranges. This objective finding, along with the long-standing frustration of nurses and doctors concerning varied "methods of weaning" NC O 2 , directed the committee's attention toward development of NC weaning guidelines and standard orders.
The literature provided evidence for the clinical practice of NC use [2] [3] [4] [5] [6] [7] [8] [9] [10] ; however, obstacles still remained when introducing this practice into the clinical service. The process of developing and introducing standard NC orders was approached using a quality improvement (QI) model. 11 When any new practice is implemented, close monitoring is required to ensure that the proposed changes take place. Involvement of many disciplines and distribution of information throughout the process allow for modifications and ultimately facilitate acceptance of the new process. The purpose of rigorous QI monitoring is to document the evolution of practice and outcomes in relation to proposed changes.
METHODS
This QI project was reviewed by the Children's Mercy Pediatric Institutional Review Board before submission for publication. A structured QI method using the plando-study-act cycle 11 was applied. This model was used to implement and test changes. The "plan" step consisted of evaluating the evidence, developing theories, and creating a plan. The "do" step implemented those plans. During the "study" step, results of actions that were taken in the "do" step were evaluated. In the "act" step, actions were taken on the basis of results of the "study" step, thereby leading to subsequent cycles in response to new objectives. Details of these cycles are presented in Table 1 .
Data were gathered from information that was documented and stored in Quantitative Sentinel, a computerbased charting system. Data that were obtained from this documentation then was hand-entered into an SPSS database. All analyses were done using SPSS software (SPSS Inc, Chicago, IL). Statistical analysis was performed by using Pearson 2 test and associated 95% confidence intervals (CIs) for differences between 2 independent proportions. For the analysis of trends over time, a simple linear regression model was used. Comparison of time on NC and O 2 days used a simple analysis of variance model with a Tukey follow-up test.
Overall Project Aims
The overall aims of the project were (1) to form a consensus among practitioners regarding the use of NC O 2 in the NICU and to obtain 100% acceptance and adherence to a standard order form reflecting that consensus and (2) to monitor disposition in relation to implementation of the standard order form.
RESULTS
The results section is composed of the "study" component of the plan-do-study-act cycle for the 4 cycles described within this article (Table 1) . These are reported in the following subsections. 2 For this reason, the practice of many NICUs has evolved into using NC to deliver supplemental O 2 .
When stable O 2 delivery is the goal, the literature supports using low-flow NC with 100% FIO 2 . The amount of O 2 that actually reaches the infant can be measured using a hypopharyngeal probe. Hypopharyngeal oxygen concentration (FHO 2 ) is affected by multiple factors, including fractional nasal breathing (amount of nose compared with mouth breathing), tidal volume, and inspiratory time. 3 Because changes in fractional nasal breathing are more likely to be larger and of greater consequence than changes in tidal volume and inspiratory time, stability of FHO 2 can be maximized by avoiding conditions under which nasal breathing fractions affect FHO 2 , by using the lowest possible cannula flow with high O 2 concentration. 3, 4 In addition, using the lowest flow possible minimizes irritation from drying of the nasal passage. 5 The literature also guided the development of a chart to calculate the O 2 level delivered to the hypopharynx (FHO 2 ) from patient weight, NC flow, and FIO 2 . 3, 4, 6, 8 Using a number of assumptions, the mathematical calculation can be simplified to (0.21 ϩ [flow/ weight] ϫ [FNCO 2 Ϫ 0.21]), where FNCO 2 is the FIO 2 set to be delivered via the NC (Appendix 1). 3 This calculation produces values that correlate to the oxygenation grid used by the National Institute of Child Health and Human Development in recent studies. 12, 13 A staff questionnaire was constructed using the Delphi technique and focused on the use of NC to deliver a stable O 2 supply/dose. 14 There was 100% compliance in completing the questionnaire as a result of creative persistence of the committee members. The results from the first NC questionnaire revealed that the idea of a "standard approach" was acceptable, but many were concerned that written guidelines would compromise flexibility and ability to respond to specific clinical situations. The underlying theme was that O 2 by NC should be managed differently depending on the reason that it is needed. Most agreed that if the goal is to provide stable O 2 delivery, then high FIO 2 and low flow would be preferable. The questionnaire also revealed that many use NC as a means of providing flow/pressure (continuous positive airway pressure [CPAP]). It was proposed that if microatelectasis is the predominant factor in the disease process, then pressure, not O 2 , may be the treatment of choice.
Study Cycle 2: Results of Second Literature Search and Generation of Consensus Statement Regarding NC Use
The second literature survey focused on delivery of NC for flow/pressure. Infants often need some type of pressure support after extubation, 15 but there is no consensus about the best means by which this can be achieved.
There is literature to support the use of NC as CPAP. 9 However, there also is literature that discourages it, supporting nasal CPAP (NCPAP) as the most reliable way to deliver positive end-expiratory pressure (PEEP). 10 The literature varied in estimation of PEEP that is generated by NC. Factors that affect the amount of pressure administered include infant weight, prong size, ratio of the diameter of the nares to the diameter of the NC prongs, and flow. 3,9, 10 The relationship of the size of the cannula to the infant's anatomy, not the absolute size of the cannula, can lead to an uncontrolled and significant delivery of PEEP. 10 When discussing with other centers within the Vermont Oxford Network collaborative group, some centers reported using NCPAP until an infant was on RA and then switched to NC. These centers expressed that they experienced lower chronic lung disease (CLD) rates by following this practice. Other centers reported moving from NCPAP to 2-L flow NC and expressed that this practice had beneficially affected their CLD rates.
The second questionnaire was focused on reasons for NC delivery and included scenarios that identified patient disease, chronological age, and size. Again, there was 100% compliance with completion of the questionnaire. On the basis of information obtained in the 2 rounds of questionnaires, the conclusion was to formulate a 2-armed approach to NC O 2 therapy. One set of orders provided guidelines for NC use to provide stable O 2 delivery (the stable O 2 arm). The other set of orders provided guidelines for NC use to deliver flow/pressure, with O 2 administration being the secondary goal (the stable flow arm). Flow diagrams were printed on the back of the order forms to guide the providers' thought process when choosing an order set (Appendix 2).
Study Cycle 3: Results of Formation of Standard NC Order Form
Feedback from all presentations was very positive. All disciplines were excited about the prospect of having a systematic method of weaning NC and to have the reasons communicated to them. They appreciated being included in the planning stage of the orders and to express concerns before the orders were implemented. They had many questions regarding documentation but were very willing to do the extra work once they understood the process.
Study Cycle 4: Data Collected Regarding Use on Standard NC Orders and Associated Disposition
Accuracy of NC Order Form Use Data are presented for the first 20 weeks after implementation of the standard NC order form. Accurate use of the standard NC order form occurred 78% of the time for the stable O 2 arm and 91% of the time for the stable flow arm of the order set. Initially, more caregivers chose the stable O 2 arm. As the weeks progressed, caregivers began preferentially to choose the stable flow arm. A significant linear trend was seen (r 2 ϭ 0.41, P ϭ .002; Fig  1) .
Definition of Disposition
Disposition was defined by the type of support needed at the time of data analysis. Data were collected for each infant from the initiation of NC support until the patient was on RA, discharged on O 2 , or placed on increased support (hood, NCPAP, or ventilator). Data are reported for the 90 infants who have reached 1 of these 3 dispositions (levels of support) and is ongoing for those who remain on NC. When patients were placed on increased support, data collection was suspended until they returned to NC and then continued until they reached 1 of the final end points (RA or discharge on O 2 ). Data were categorized by support type. Patients who were supported on the stable O 2 arm for the whole course of NC use were labeled "stable O 2 only." Twelve infants were labeled as "stable O 2 only," all of whom reached a final end point of data collection at the time of this data analysis. Those who were supported on the stable flow arm for the whole course of NC use were labeled "stable flow only." There were 53 infants in this group; only 47 reached a final end point, and 6 had moved to increased support at the time of this data analysis. Those who switched between arms of support (order sets) were labeled "switched." There were 25 infants in this group; 24 reached a final end point, and 1 had moved to increased support at the time of this analysis. Analysis revealed that a trend in weight was associated with support type (P ϭ .02; Table 2 ). No infants who weighed Ͻ2 kg were supported by "stable O 2 only." Sixty-seven of the 90 infants evaluated where discharged on RA; 3 (60%) of 5 were Ͻ1.0 kg, 7 (64%) of 11 were 1.0 to 1.5 kg, 5 (71%) of 7 were 1.5 to 2.0 kg, 11 (73%) of 15 were 2.0 to 2.5 kg, 11 (65%) of 17 were 2.5 to 3.0 kg, and 30 (86%) of 35 were Ͼ3.0 kg. Weight ranges reflect weight at the time the infant initially was placed on NC. Although there was some variation in these percentages, it was not large enough to be statically significant (P ϭ .193).
Disposition in Relation to Support Type
Of the 83 infants who had reached a final end point (RA or home on O 2 ) at the time of this report, 8 (67%) of 12 of the infants in the "stable O 2 only" group, 45 (96%) of 47 in the "stable flow only" group, and 14 (58%) of 24 in the "switched" group had moved to RA (Fig 2) . The final end point disposition was significantly associated with the type of NC support used (P Ͻ .001). A significantly greater proportion of infants were discharged from the hospital on RA in the "stable flow only" group in comparison with the "stable O 2 only" group (P ϭ .003; 95% CI: 2%-56%) and in comparison with the
FIGURE 1
Percentage of patients who were treated on each order set. Initially, more caregivers chose the stable O 2 arm, but as the weeks progressed, caregivers began preferentially to choose the stable flow arm (r 2 ϭ 0.41, P ϭ .002). A stable amount of infants switched between order sets during each week of data collection.
"switched" group (P Ͻ .001; 95% CI: 17%-58%). When the analysis was restricted to only infants who weighed Ͼ2 kg at the time of NC initiation, the same pattern held: 37 (97%) of 38 infants who were labeled as "stable flow only" were discharged on RA, whereas 8 (67%) of 12 infants who were labeled as "stable O 2 only" were discharged on RA (P ϭ .003; 95% CI: 10%-57%).
Of the infants in the "stable flow only" group, increased support after the initiation of NC was required in 11 (21%) of 53; 5 (9%) of 53 of these were placed on NCPAP, 5 (9%) of 53 moved to the ventilator, and 1 (2%) of 53 went to NCPAP and then to the ventilator; 6 of the 11 described remained on the ventilator at the time of this report. Of the infants in the "switched" group, increased support after the initiation of NC was required in 4 (16%) of 25, 3 (12%) of 25 were placed on NCPAP, and 1 (4%) of 25 went to NCPAP and then to the ventilator; 1 of the 4 described remained on the ventilator at the time of this report (Fig 2) . None of the patients in the "stable O 2 only" group required increased support in the form of NCPAP or the ventilator after the initiation of NC support. This likely is confounded by the fact that if increased support were needed, then infants in the stable O 2 arm would be switched to the NC for stable flow arm of the orders and then be classified in the "switched" group.
Days on O 2 in Relation to Support Type
In comparison with the "stable O 2 only" group, patients in the "stable flow only" group had fewer O 2 days (9.4 Ϯ 14 vs 36.7 Ϯ 45 days; P ϭ .008; 95% CI: 6 -49) and a trend but no significant difference toward more weeks on NC (2.11 Ϯ 1.4 vs 1.33 Ϯ 0.5; P ϭ .34; 95% CI: Ϫ2.1 to 0.5). This trend toward more time on NC but fewer O 2 days appeared because many patients were supported by NC with flows of 0.5 to 1.0 L but with an FIO 2 of 21% (no supplemental O 2 ; Table 3 ). In fact, 23 of the infants who reached a final end point (17 of 47 from the "stable flow group" and 6 of 24 from the "switched" group) were maintained on NC with a maximum FIO 2 of 21% for more than an entire week. This represents an evolution of a new practice in the local NICU evaluated. When data from the first 10 weeks of observation were compared with those of the second 10 weeks, the rate of discharge on O 2 decreased from 13 (30%) of 44 to 3 (7%) of 39 (P ϭ .013; 95% CI: 6%-38%).
DISCUSSION
NC support was identified as an area that was in need of standardization through objective data that were ob-
FIGURE 2
Final disposition of infants on the basis of type of NC support used. The "stable O 2 only" group followed the NC order set for stable O 2 delivery for the entire time they were on NC. The "stable flow only" group followed the NC order set for flow/pressure support for the entire time they were on NC. The "switched" group switched between the 2 order sets during their NC course. tained for a previous QI project 1 and through a history of subjective concerns regarding the system that was in place. The NC practice that was in place evolved without focus on process and allowed the elements of support (flow and FIO 2 ) to be changed without a systematic approach by the bedside caregiver. There was little direction as to how these changes should take place and depended on individual experience and bias, not on patient disease process and requirements. Through multiple steps of consensus-building and education, a standard NC order form was created. This form was embraced with enthusiasm. The enthusiastic reception of this standardization may be attributable to the involvement of all disciplines of caregivers. The Delphi technique of consensus-building, although modified for this purpose, was very helpful. 14 Initially, it was perceived that the best evidence supported use of NC for stable O 2 delivery through weaning flow to minimal levels, and then FIO 2 . Only after the process progressed was the possibility for providing NC support for flow/pressure entertained. The adoption of a 2-armed standard order form forced caregivers to consider which method of support would be beneficial, communicate this thought process to the team that was caring for the infant, educate as to why this method was chosen, and document the arm of their choice.
As a result of this 2-armed standardized approach, the practice seems to be evolving in a way that should benefit the patients. A subpopulation of patients now are being supported on NC flow 0.5 to 1.0 L, with FIO 2 of 21%. It has been documented that often when flow is weaned in these infants, they develop an O 2 requirement. That they do not require O 2 when supported by flow/pressure but then develop a requirement as this pressure support is withdrawn may indicate that in these cases, pressure is needed, not O 2 . By supporting these infants with flow/pressure only, perhaps the microatelectasis that contributes to inflammation and ultimately CLD may be avoided while also avoiding the O 2 exposure that contributes to CLD and retinopathy of prematurity. 12, 16 Providing low flow/high O 2 may expose these infants to unnecessarily high O 2 , whereas the pressure support approach may allow for decreased O 2 exposure. In addition, this change in practice may be associated with a decreased need for home O 2 therapy as suggested by the 23% decrease in patients who were discharged on O 2 that was seen in the second 10 weeks of the observation period, temporally correlating with the increased use of higher flow, lower O 2 support by NC. Conversely, the decrease in patients who were discharged on O 2 just as likely could have been related to the process of following a standardized approach to treatment, as much as the actual treatment arm that was prescribed. Another confounding factor regarding the disposition of infants in the "stable O 2 only" group compared with those in the "stable flow only" group was that only larger infants were supported in the former. These larger infants likely required O 2 therapy as a result of different disease processes than did the low birth weight infants. The drawback of maintaining infants on higher flow NC for prolonged periods of time is nasal mucosal drying and irritation of the nasal passages. Options to humidify and heat the gas that is delivered by NC are being explored.
The rigorous process of consensus development, information dissemination, education, and communication has allowed this project to proceed in an efficient manner. A prospectively well-designed data collection and review system has provided the ability to monitor compliance with standardization, offer immediate feedback, and assess trends in disposition. The goal of this discussion was to describe that this center identified different circumstances (disease states) in which different approaches to NC support may be used, rather than to conclude that 1 method of NC support was superior to another. When used for a well-thought-out, physiologically sound reason, either approach may be more appropriate.
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